Neurosci., abstract) have revealed regions that do reare processed instead by mechanisms for the percepspond significantly more to other objects than to faces. tion of other objects.
Introduction
The anatomical locations of cortical areas that participate in nonface object perception have been less well Neuropsychological, developmental, and psychophysicharacterized. Positron emission tomography (PET) and cal evidence suggests that face perception is mediated functional magnetic resonance imaging (fMRI) studies by mechanisms that are different from those that medihave shown that object perception activates ventral ocate the perception of other objects (Farah, 1996) . This cipitotemporal extrastriate cortex with a distribution that dissociation between neural mechanisms for face and is highly similar to activations seen in studies of face object perception is supported by the effects of face perception (Kö hler et al., 1995; Malach et al., 1995; Marinversion on perception in normal subjects (Yin, 1969; tin et al., 1995 , 1996 Neurosci., abstract) have revealed regions that do reare processed instead by mechanisms for the percepspond significantly more to other objects than to faces. tion of other objects.
These regions are located near the face-selective fusiIn normal subjects, stimulus inversion is more detriform region in the parahippocampal, fusiform, and infemental to face recognition than to the recognition of rior temporal gyri. other objects, suggesting that face recognition may be We decided to investigate the neural basis of the efa specialized process that is more sensitive to stimulus fect of inversion on face perception using fMRI. Specifiorientation (reviewed by Valentine, 1988) . In patients cally, we tested whether inverted faces, as compared with a selective impairment of face recognition (prosoto upright faces, evoke less activity in cortical regions pagnosia), the recognition of inverted faces can be relamost responsive to upright faces and more activity in tively normal, suggesting that inverted face perception cortical regions most responsive to nonface objects. To may be mediated by their intact object perception mechexamine the response to nonface objects, we chose a anisms. In fact, some prosopagnosic patients perform single category of objects, namely houses, so that, as with faces, we examined the response only within a category (cf. Gauthier et al., 1997). Additionally, we ‡ To whom correspondence should be addressed.
and inverted houses, respectively). These results dem- 
Identification of Regions Showing Differential
b Differs from other conditions, p Ͻ 0.001.
Responses to Faces and Houses
Six bilateral regions were identified that consistently demonstrated differential responses to faces and houses ( Figure 1 and Table 2 ). Five of these regions were identiwished to use a category of objects for which people typically perceive the unique identity of each individual fied bilaterally in all six subjects. The sixth region, in the superior temporal sulcus, was identified on the right in exemplar, similar to how faces are typically perceived as unique individuals. The results showed that the only four subjects and on the left in two subjects. In this report, we will refer to these regions as "face selective" selective effect of face inversion was an increase of activity in extrastriate cortical regions that respond more and "house selective." In this context, "selectivity" refers only to the difference in response to these two stimulus to houses than to faces. The effects of face inversion in face-selective regions were small and nonselective, categories and is not meant to imply that these regions would respond selectively to faces and houses as comas house inversion caused similar effects in houseselective regions. These results indicate that inverted pared to all other visual stimuli. Two adjacent pairs of regions in ventral occipitotemfaces do not fail to evoke activity in neural systems for face perception. Instead, they suggest that the percepporal cortex consisted of a more lateral face-selective region and a more medial house-selective region. A tual processes reflected by that activity are insufficient to uniquely identify an inverted face, leading to the remore posterior pair in the occipital lobe consisted of a face-selective region in the inferior occipital gyrus and cruitment of processes that are more specific to the perception of nonface objects.
inferior part of the mid occipital gyrus and a houseselective region in ventral occipital cortex that contains part of the posterior fusiform gyrus and ventral occipital Results gyri (O3 and O4 in Duvernoy, 1991). A second, more anterior pair in ventral temporal cortex consisted of a Task Performance Performance measures on the matching task demonface-selective region in the lateral portion of the fusiform gyrus, including the occipitotemporal sulcus, and a strated a selective effect of stimulus inversion on face perception. Whereas inversion of houses did not affect house-selective region in the medial portion of the fusiform gyrus, including the collateral sulcus. In some subreaction time, inversion of faces slowed reaction time by 166 ms (p Ͻ 0.001) ( Table 1) . Face and house matchjects, the more medial house-selective fusiform region extended into the lingual gyrus. A small face-selective ing with upright stimuli had equivalent reaction times, indicating that these tasks were matched for difficulty. region was identified in some subjects in the superior temporal sulcus. An extensive house-selective region Accuracy was high for all tasks (93%-96% Table 2 . more to these meaningful stimuli than to nonsense control stimuli. This analysis revealed that the topography Regions that showed significantly different responses to faces and houses outside of the six regions listed in of the response to inverted stimuli was most similar to the topography of the response to upright stimuli of the Table 2 tended to be smaller and seen in only a few subjects. Face-selective responses that were less consame category. The correlation between the response topographies for upright and inverted houses (R 2 ϭ 0.81) sistent across subjects were observed in posterior occipital cortex on both the right (N ϭ 3, mean volume ϭ was slightly larger than that for upright and inverted faces (R 2 ϭ 0.74). The topographies of responses to 0.7 cm ). Houseselective responses that were less consistent across both to upright and to inverted houses) but became more similar when faces were inverted (R 2 ϭ 0.40 and subjects were observed in the inferior temporal gyrus, lateral to the face-selective lateral fusiform region on 0.45 for the comparisons of inverted faces to upright Table 3A. ment, passive viewing of scrambled pictures, upright faces, and upright houses was contrasted to a resting The greatest effect of stimulus inversion was an increased response to faces in the house-selective recontrol (N ϭ 5). Relative to rest, passive viewing of faces evoked an increase in activity in both the posterior and gions (Table 3B ). The increase in response due to face inversion was significant in all house-selective regions medial fusiform house-selective regions (1.42% and 0.36%, respectively, p Ͻ 0.001, in both cases). The activ-(mean change ϭ ϩ0.26%, p Ͻ 0.0001 in all cases) and significantly greater (p Ͻ 0.0001 in all cases) than the ity increase seen in these regions during passive viewing of inverted relative to upright faces, therefore, reprechange in response due to house inversion (mean change ϭ ϩ0.002%). This effect indicates that face sents an increase in a positive neural response to faces. House inversion did not have the same effect on the inversion decreased the difference between the responses to houses and faces in house-selective regions response in face-selective regions that face inversion had on the response in house-selective regions. Overall, by 38% on average (45% in the posterior superior occipital region, 42% in the posterior fusiform region, and 27% the response to houses in these regions increased by only 0.02%. The only significant effect of house inversion in the medial fusiform region). This result suggests that perceptual operations more suited to the perception of in a face-selective region was an increase in inferior and mid occipital gyri, which was much smaller than the nonface objects are selectively recruited for the processing of inverted faces.
effect of face inversion in the adjacent, posterior fusiform, house-selective region (0.08% versus 0.31%, reThe effect of face inversion on the response in posterior and medial fusiform house-selective regions was spectively, p Ͻ 0.0001) (Table 3B ). Contrary to our prediction, face inversion did not have equivalent for delayed matching and passive viewing tasks (p Ͼ 0.05 in both cases). For passive viewing, the a selective effect on activity in face-selective regions. Instead, the effect of face inversion in the face-selective increase was from a level of activity that was less than during passive viewing of scrambled pictures to a level regions and the effect of house inversion in house-selective regions showed a similar pattern of small increases of activity that was equivalent. Independent data from a separate experiment, however, indicate that passive in occipital regions and small decreases in temporal regions. The difference between occipital increases and viewing of both faces and scrambled pictures evokes temporal decreases was significant for face inversion to the nonpreferred stimulus more than the response to the preferred stimulus in most regions. For upright in the inferior occipital and lateral fusiform face-selective stimuli, this difference was significant in the posterior regions (p Ͻ 0.001) and for house inversion in the postefusiform house-selective region and in the inferior occiprior and medial fusiform house-selective regions (p Ͻ ital and lateral fusiform face-selective regions. For in-0.002). The similarity of the effects of face and house verted stimuli, this difference was significant in all inversion in these regions suggests that the face inverhouse-selective regions and in the face-selective lateral sion effects in face-selective regions are not related to fusiform region. the selective effect of stimulus inversion on face perception.
Hemispheric Differences Although we found that face-selective and house-selecResponse Selectivity in Regions of Interest tive regions were consistently bilateral, some hemiSurprisingly, house-selective regions consistently respheric differences in the strength of activation or the sponded more selectively to houses than face-selective selectivity of response were found. The regions on regions responded to faces. In ventral occipital cortex, the right tended to have larger volumes than those on the the mean response to upright faces in the house-selecleft (Table 2 ), although this difference was not significant tive posterior fusiform region was only 0.12%, whereas (p ϭ 0.06). In face-selective regions, the amplitudes of the mean response to upright houses in the adjacent activations in the inferior and mid occipital gyri were face-selective inferior and mid occipital gyri was 0.56%. greater on the left than on the right (mean difference ϭ In ventral temporal cortex, the mean response to upright 0.24%, p Ͻ 0.001), whereas the amplitudes of activafaces in the house-selective medial fusiform region was tions in the lateral fusiform gyrus and superior temporal 0%, whereas the mean response to upright houses in sulcus were greater on the right than on the left (mean the adjacent face-selective lateral fusiform region was differences ϭ 0.19% and 0.13%, respectively, p Ͻ 0.001 0.38%. These differences between regions in the size for both). The selectivity of response (faces versus of responses to nonpreferred stimulus categories were houses) demonstrated a small but significant difference highly significant (p Ͻ 0.0001 in all cases).
between the right and left hemispheres in only the lateral fusiform gyrus (mean difference between face and Differences between the Delayed Matching house activations ϭ 0.64% versus 0.58% for the right and Passive Viewing Tasks and left hemispheres, respectively, p ϭ 0.03). In houseThe differences between responses to faces and houses selective regions, only the posterior superior occipital were highly similar for the passive viewing and delayed region showed an asymmetry of activation (right Ͼ left, matching tasks. Figure 3 illustrates that these two tasks mean difference ϭ 0.07%, p Ͻ 0.01), and no regions produced nearly identical maps of face-and houseshowed a hemispheric difference in selectivity. selective regions. Analysis of the time series (Figure 2  and Table 3C ) also demonstrated the similarity in the Discussion direction of selectivity but also showed that the delayed matching task evoked a larger response than did pas-
The results of this study demonstrated that the behavsive viewing in all regions except the superior temporal ioral effect of face inversion is associated with a selective increase in activity in the parts of the ventral object sulcus. Surprisingly, matching increased the response vision pathway that are more responsive to nonface face recognition (Moscovitch et al., 1997). The response objects. House inversion did not cause a similar increase to inverted faces in house-selective regions, however, in activity in regions more responsive to faces. was substantially less than the response to inverted The only selective effect of face inversion was the faces in face-selective regions. Because it is unlikely increased response in house-selective regions. Face inthat this strong activation of face-selective regions was version did not selectively diminish the response to driven by the weaker activation of house-selective refaces in face-selective regions. Such an effect was exgions, the engagement of face-selective regions by inpected based on the behavioral and neuropsychological verted faces is probably not due solely to input via this evidence that inverted faces do not effectively engage indirect path. Moreover, scalp EEG recordings have face perception mechanisms. Face inversion was assoshown that inverted faces are as effective as upright ciated with small increases in the activation of the facefaces at evoking an early face-specific event-related selective regions in the inferior and mid occipital gyri and potential (N170) (Bentin et al., 1996), suggesting an with small decreases in the activation of face-selective early direct engagement of face-specific processing regions in the lateral fusiform gyrus and superior temporesources. ral sulcus. However, similar occipital increases and temKanwisher et al. (1998) also found that face inversion poral decreases were seen with house inversion in led to only a small decrease in activity in the lateral house-selective regions. These changes, therefore, do fusiform face-selective area. That study, however, did not appear to be related to the failure of face perception not include experimental conditions to test the specificmechanisms.
ity of this finding to face inversion or to examine how The results indicate that neural systems for the perinversion alters the response to faces in regions that ception of nonface objects are recruited to facilitate the respond more to other objects. Our results give a more perception of inverted faces, but inverted faces do not comprehensive account of how inversion alters the tofail to engage the face perception system. The diminpography of response to faces in the ventral object viished ability to perceive discriminating attributes in insion pathway. By examining several face-selective reverted faces indicates that the representations embodgions, we showed that face inversion also increases the ied by activity in face-selective regions during inverted response in an earlier occipital region and decreases face perception are less distinctive than are the reprethe response in another temporal region, the superior sentations embodied by activity in these same regions temporal sulcus. By examining the effects of house induring upright face perception. Yet the small face inverversion in house-selective regions, we were able to show sion-related alterations of response in face-selective rethat the face inversion effects in face-selective regions gions were equivalent to small house inversion-related are not specific and, therefore, not related to the failure alterations of response in house-selective regions, even of face perception mechanisms. Most importantly, by though house inversion had no effect on house percepexamining how the topography of response changed in tion. Thus, the activity in these regions does not appear more of the ventral object vision pathway, including to reflect the quality of the representations embodied face-selective and house-selective regions, we showed by that activity. This finding is consistent with another that the effect that is specific to face inversion is the recent fMRI study of the effect of face inversion (Kanincreased response outside of the face-selective areas. wisher et al., 1998). They concluded that inverted face Our data suggest that the face-selective and other stimuli fail to engage the face-selective fusiform area object-selective parts of the ventral visual pathway are only when subjects cannot see a face in the inverted not single regions but are multiple, bilateral regions that stimuli, as was the case with inverted two-tone Mooney act in concert to accomplish face and object recognifaces but not with inverted grayscale faces.
tion. The principal parts of these distributed neural sysActivation of face-selective areas by inverted faces tems are in ventral occipital and temporal cortex. The may reflect direct engagement of these areas, but that ventral occipital regions appear to correspond to the activation is insufficient to form a distinct representation area Malach et al. (1995) have named LO (lateral occipiof the individual shown. Consequently, the brain retal). Our results clearly indicate that area LO is not homocruited additional processing resources elsewhere in
geneous, but, rather, has a lateral sector in the inferior the ventral visual pathway, namely in house-selective and mid occipital gyri that responds preferentially to regions, to augment the distinctiveness of the represenfaces and a ventral sector in the posterior fusiform and tation of an inverted face. These resources may be reventral occipital gyri that responds preferentially to other lated to features of object shape that are not as typical of objects. faces. Alternatively, the recruitment of these additional Anterior to LO, the face perception system branches resources may reflect a different processing strategy, into two regions: a region in the lateral fusiform gyrus, such as a change from a more holistic representation which often abuts the ventral part of face-selective LO, of a face to a representation based more on a decompoand a region in the posterior superior temporal sulcus, sition of the face into its individual parts (Farah et al., which often lies in close proximity to the dorsal part 1998).
of face-selective LO. The face-selective lateral fusiform A second possibility is that face-selective regions can region corresponds almost exactly to face-responsive only process inverted faces effectively using input that regions we have identified in previous studies (Haxby has been preprocessed by object-selective regions. and right lateral fusiform regions, respectively) were still to buildings than to faces and other objects. The location much larger than those reported by others. Moreover, of this region coincides almost exactly with the medial the responses to houses and chairs in these more strinfusiform house-selective region, but it is much smaller gently defined face-selective regions (42% and 59% of in spatial extent. They have suggested that this region the mean response to faces, respectively) were equivais specific for perceiving objects that are used as landlent to the responses to houses in the less stringently marks for navigation. In other studies, however, we have defined face-selective regions in the current study (39% found that parts of the medial fusiform region also reof the mean response to faces). These findings suggest spond more to chairs and tools than to faces (Ishai et that the substantial response to houses in face-selective al., 1997, Neuroimage, abstract; Chao et al., 1998, Soc. regions was not due to the inclusion of voxels that actuNeurosci., abstract), neither of which is a good candially do not respond maximally to faces. date for a landmark. If there is a region specialized for The face and object systems both appear to participerceiving objects that facilitate navigation, therefore, pate significantly in the perception of the nonpreferred it is probably a small sector of the larger region we have category of objects. Surprisingly, for stimuli in their noridentified. The medial fusiform house-selective region mal, upright orientation, the face system's participation may overlap with the parahippocampal place area (PPA) in house perception is greater than the object system's (Epstein and Kanwisher, 1998), which responds more to participation in face perception. This result is problemscenes and architectural spaces than to other objects atic for the hypothesis that face-selective regions, espe-(including houses) and faces, but unlike Aguirre et al.'s cially the lateral fusiform region, constitute a "module building area, the PPA has a more anterior and medial specialized for face perception" (Kanwisher et al., 1997; location than our medial fusiform house-selective region.
McCarthy et al., 1997). If anything, the special status of The different functional roles played by the occipital face perception does not appear to be associated with and temporal house-selective regions are unknown. One a region or set of regions that are dedicated solely to might predict a hierarchical progression similar to that of face processing because these regions respond signifithe face-selective system, with occipital cortex playing cantly to houses. Instead, face processing is special in a greater role in the perception of the generic object that its representation is not as widely distributed as configuration and ventral temporal cortex playing a are the representations of other objects. greater role in the perception of features that distinguish While our results indicate regions that participate in a particular object from others of the same category. distributed neural systems for face and object recogniBecause we used only a single category of nonface tion, it is not clear which of these regions are critical objects, the ventral extrastriate systems that respond or sufficient for these functions. The more restricted more to other objects than to faces undoubtedly extend representation of face processing, as compared to the beyond the regions we have identified ( 
